capable of interpretation along the three known lines of action of this substance-as a limited source of quickly available energy, as a depressant of the nerve-centres, and as a weak superficial vasodilator.
Dr. E. MELLANBY.
In the short time at my disposal I propose to deal as briefly as possible with the question as to the amount of energy that can be supplied to the body by alcohol, and the relation which alcohol bears to the other energy-producing foodstuffs.
Atwater and Benedict's calorimetry work has placed on an experimental basis the fact that a considerable amount of energy can be obtained from the combustion of alcohol in the body-25 per cent. has been mentioned by Dr. Dale. There is good reason, I think, to believe that this is a low estimate. One gramme of alcohol on oxidation gives out 7 Calories of heat; this compares very favourably with proteins and carbohydrates, each of which yields 4'1 Calories of available energy. Practically all the alcohol taken is absorbed and oxidized, so that, disregarding the toxic action of alcohol for the time being, we see that alcohol can supply a considerable quantity of energy to the body. Fig. 1 shows the rate of entrance into, and of disappearance from, the blood of alcohol in the case of a dog. The dog, weighing 13 5 kg., had 50 c.c. of diluted absolute alcohol put straight into the stomach. This was completely oxidized at the end of twenty hours, that is to say, 2i c. Having stated this fact let us see how alcohol, from the point of view, of energy, resembles or differs from other foodstuffs.
In fig. 3 can be seen the disappearance of alcohol from the blood of a dog which on different occasions received doses of alcohol, varying from 20 up to 55 c.c.-the latter producing profound intoxication. You will notice from these curves that the rate of disappearance of alcohol from the blood, which almost certainly represents its rate of oxidation, is very similar in each ease. That is fo say, the rate of oxidation of alcohol does not depend, within fairly wide limits, on the amount present in the blood. This result confirms that obtained by Higgins, using an entirely different method. The respiratory quotient for alcohol is Alcohol in the blood of a dog after receiving 250 c.c. of a 20 per cent. solution (50 c.c. absolute alcohol). Note the rapid entrance into and slow exit from the blood. A similar dose was given eighteen and a half hours after the first, and a slight accumulative effect on the alcohol in the blood is evident. Intoxication was also more profound after the second dose. 0O66-i.e., much lower even than that of fat, which is 071. Higgins showed that, under constant conditions, the depression in the respiratory quotient produced by alcohol was the same whether 30 or 45 c.c. of alcohol was drunk. This condition does not hold for carbohydrates and Alco'hol Y */Booo | c.m,ms. in /00grams. A Icohol on successIve dys results from second,
fats. Gephadt and Du Bois have shown that the rise in the respiratory quotient produced by carbohydrate depends on the amounts eaten. Similarly Forssner and also Magnus-Levy have obtained results demonstrating that the rate of fat metabolism in certain conditions varies with the amount eaten. This, then, is the first great difference between alcohol and other foodstuffs-the rate of combustion is not as dependent on the amount consumed in the one case as in the other. As mentioned above, the man of 70 kg. weight, when at rest, oxidized 10 c.c. of alcohol per hour, so that if the constant rate of oxidation c.nrs in/O00 -qrarnsBlood.AO Whislky NO food. Experiment on a man who drank whisky containing 171 c.c. of absolute alcohol on three occasions: A, on an empty stomach; B, two hours after taking a pint of milk; and C, the whisky was diluted with oDe pint of milk. The rate of disappearance of alcobol from the blood indicates that he oxidized about 10 c.c. per hour. Note also the depressing effect of milk which was further evident by the reduction of symptoms of intoxication.
holds even with very low concentrations, it is only necessary to give doses of the order of 10 c.c. per hour to such a man to get the maximum amount of energy in unit time. The smaller the dose the less the toxic action, so it is possible to get out of alcohol the maximum amount of energy in unit time and eliminate most of the acute effects due to its drug action. Most have the power of stimulating metabolism. This property is spoken of as their specific dynamic action. For instance, according to Rubner, the specific dynamic action of rneat protein is 44; of fat, 16; of carbohydrate, 10. Alcohol has no specific dynamic action. If, for instance, a man is starving and alcohol be given him his production of heat will not increase. If he is given carbohydrates his production of heat will increase slightly. If given protein the metabolism will be considerably stimulated. We see, therefore, that, although alcohol supplies heat it does not make any more energy immediately available A dog was given, on different days, 55, 50, 30, and 20 c.c. of alcohol in a 20 per cent. solution. Note the similar rates of disappearance in spite of the difference of amount in the blood.
for the body. It simply conserves the stores of protein, fat and carbohydrate in the body. Here again we have a great difference between alcohol and other foodstuffs.
Not only does alcohol not increase the amount of energy immediately available to the tissues, but, in consequence of the heat loss following vaso-dilatation of the skin vessels, it can be seen that a fall in body temperature may follow. More especially will this be the case if the dose I -j-. _N 40 Mellanby: Value of Alcohol as a Therapeutic Agent of alcohol is so great that it depresses the neuro-muscular mechanism and thereby directly diminishes the heat production. I think everybody is agreed that to give alcohol as a restorative in cases of exposure without prospects of other food or warmth is a most harmful procedure.
It has been stated by some that alcohol is oxidized at a greater rate when more carbohydrate is being metabolized than when fat is the predominant substance being used. This deduction is made from the fact that alcohol has a greater depressing effect on the respiratory quotient when the latter is high-i.e., when more carbohydrate is being nmetabolized. The following figures of Higgins demonstrate this effect. Notice also the calculation based on these figures of the amount of alcohol burnt. You will see it is calculated, that with a high respiratory quotient, 4'91. c.c. of alcohol were oxidized per hour, but when the respiratory quotient was 0 80 only 2'75 c.c. of alcohol were oxidized per hour. The calculation of these figures is probably dependent on an incorrect hypothesis, for, if you look at fig. 4 , you will see that the rate at which alcohol leaves the blood is remarkably constant whatever the previous diet. The respiratory quotient of the dog mnust ha.ve varied greatly after its diets of meat, fat, and bread and milk respectively, and yet the rate of combustion of .alcohol is apparently the same. The interpretation of the respiratory quotient results may be that, when the respiratory quotient is high alcohol spares more carbohydrate, and, when low, more fat.
Another point of difference between the oxidation of alcohol and of other energy-bearing foodstuffs is seen when the effect of exercise and mechanical work is considered. In the case of Atwater and Benedict's experiments it was clear that the rate of alcohol combustion increased at the same rate as other combustion processes and that alcohol supplied its share of energy both in the resting and active condition. The quantity of alcohol given in these experiments was comparatively small (72 c.c.) and spread over the whole day. In more recent work by Durig on mnountain climbing, it seems that in hard muscular exercise alcohol does not play its full share even when only Smaller amounts of alcohol were given to a dog and lower concentrations in the blood were attained than in fig. 5 . The effect of exercise in hastening oxidation is evident. In the last curve the periods of exercise and rest are seen by changes in rate of disappearance of alcohol. small quantities are used. In my own experiments on dogs it appears that in the case of normal running at a slow rate the effect of exercise depends on the amount of alcohol imbibed. When the amount is small the rate of combustion is considerably increased by exercise, but with higher concentrations in the blood, the effect of exercise becomes smaller, so that, finally, the rate of oxidation may be the same in the active and resting conditions. This fact is seen in figs. 5 and 6. There again we have evidence in favour of using small doses of alcohol given frequently rather than large doses.
To sum up, then, we see that considering alcohol as a source of energy, it has the following attributes:-
(1) It can supply as much as 40 per cent. of the heat lost.
(2) That it differs from other energy-bearing foodstuffs in the following ways: (a) The rate of oxidation is, within wide limits, independent of the amount taken. Increasing the amount does not increase the energy obtainable from it in unit time. (b) It has no specific dynamic 'action and therefore does not increase the immediate available energy. It only spares the other foodstuffs and has no stimulating effect on metabolism. (c) Its rate of oxidation is independent of the other material in the body being metabolized. (d) Exercise only increases its rate of combustion to an extent comparable with other foodstuffs when lower concentrations are present in the body. With high concentrations, in the case of dogs, exercise has no apparent effect in increasing the rate of combustion.
Finally, I should like to raise the question as to whether a substance which only supplies energy and with no other favourable metabolic characters is necessarily always of value to the body. For instance, it does not appear to me quite certain that alcohol, given in such a way as to eliminate or reduce to a minimum its drug effect, would extend the life of a man dying of starvation. Taken with other foods it will undoubtedly help to convert a negatively balanced diet into a positive one, thereby conserving the proteins, fats and carbohydrates of the body; but, when taken as the only source of energy, which may well happen in some diseases, it is not self-evident that existence will be prolonged by it. A starving man or animal does not die because of the lack of energy-bearing material in his body. Whether, by increasing the amount of these substances as the result of giving alcohol, life would be prolonged is to me a matter of doubt.
Dr. W. H. WILLCOX, C.B., C.M.G. In 1909 and 1910 Professor B. J. Collingwood and myself carried out a number of physiological and clinical investigations in order to determine the therapeutic value of alcohol vapour when mixed with oxygen. Our results were read before the meeting of the British Medical Association, London, July, 1910, and were published in the British Medical Journal of November 5, 1910. Since that time I have constantly used a mixture of alcohol vapour and oxygen as a therapeutic
